Objective: We aimed to investigate the epidemiology and identify antibiotic resistance patterns of isolates from children with skin and soft tissue infections attending an outpatient clinic in Southern China. Method: An observational study of outpatient pediatric patients was conducted in a rural area of Guangxi. Infections were characterized in 230 patients and staphylococcal isolates tested for susceptibility to a range of antibiotics. Results: Among the 307 patients, 38.5% were infants. Culture yielded Staphylococcus aureus (S. aureus) in 230 patients, of which 24 (10.4%) were methicillin-resistant S. aureus (MRSA). Staphylococcal strains were most isolated from hand, foot and umbilicus. The 1 -12 mon group had the highest staphylococcal infection rate (86%), followed by the 6 -12 year group, but MRSA was more common in the older children (19.5% of S. aureus). MRSA had significantly more resistance than MSSA to chloromycin (46% vs 11%), clindamycin (67% vs 19%), gentamicin (33% vs 2%), rifampicin (25% vs 2.9%), and sulphamthoxazole-trimethoprim (17% vs 3%). Conclusion: S. aureus remains a leading cause of pediatric skin and soft tissue infections. Over 10% of isolates were methicillin-resistant with high rates of resistance to non-beta lactam antibiotics, reducing options for therapy and limiting choices for empirical treatment.
INTRODUCTION
Staphylococcus aureus (SA) is an important pathogen causing infections ranging from superficial skin infections to life threatening conditions [1] . Methicillin-resistant S. aureus (MRSA) evolved in healthcare facilities causing nosocomial infections in both adults and children, but since first reports of community-associated MRSA (CA-MRSA) in children without predisposing risk in 1998 [2] , its prevalence continues to increase. The proportion of CA-MRSA isolated from skin and soft tissue infections (SSI) worldwide ranges from 65% to 91% [3] [4] [5] .
CA-MRSA harbors the mecA gene, located in the staphylococcal cassette chromosome mec (SCCmec), which codes for an altered penicillin binding protein, 2a (PBP2a), that decreases affinity for beta-lactam antibiotics [6] . Compared to hospital-associated MRSA, which contains the larger SCCmec elements I, II and III, the SCCmec types present in CA-MRSA are the smaller types IV and V [1] . The smaller elements often do not harbor additional resistance determinants. Panton-Valentin Leukocidin (PVL) toxin is an important virulence factor in CA-MRSA involved in SSI [7] . Children are prone to staphylococcal infections including impetigo, cellulitis and abscesses, and attendance at childcare facilities increases infection risk [8] .
MRSA infections in children have been reported, but there is limited data on such infections from China, especially from outside of the major metropolitan areas. This study aimed to investigate the epidemiology of pediatric STIs in attendees at an outpatient clinic in Southern China and determine the antibiotic resistance profiles of S. aureus isolates.
METHODS
Ethical Statement: Written informed consents were signed by parents or supervisors of the pediatric participants, and study protocols were reviewed and approved by the Research Ethical Committee at the Guigang People's Hospital, China.
Study Population: A prospective observational study was conducted between January 1, 2009 and December 31, 2010. All pediatrics patients (age ≤ 18 yr, n = 307) attending the hospital outpatient clinic and diagnosed with SSI were included.
Bacterial Strains and Identification of S. aureus: Lesions were sampled using sterile cotton-tip swabs premoistened with saline, which were cultured on 5% sheep blood agar and incubated at 35˚C for 18 to 24 hours. S. aureus was identified by colony morphology, gram stain, catalase production and tube aggregation, followed by a positive result of Slidex  Staph s aggregation test (Biomeriux, France). A cefoxitin disk was used to test for methicillin resistance [9] .
Antibiotics Susceptibility: Susceptibility was determined for a range of antibiotics by disc diffusion [9] . E-test was used to determine vancomycin susceptibility with a minimum inhibitory concentration of ≥2 mg/L indicating reduced susceptibility. The inducible clindamycin test (D-test) was used to investigate resistance to clindamycin [9] .
Statistics: Data were analyzed using statistical package of social science for windows (SPSS 17.0, SPSS Inc, Chicago). Chi square test was performed to determine difference of S. aureus and MRSA infection rates between age groups and seasonal distribution, as well as antibiotic resistance patterns. A p value of 0.05 or below was considered as significant.
RESULTS
A total of 307 pediatric patients were recruited during the study period. Overall, 230 patients had S. aureus infections (75.2%), including 24 caused by MRSA (10.4%). The most common infected sites by S. aureus were hand (90.0%), foot (87.0%) and umbilicus (84.8%), but MRSA were most isolated from foot (20%), hand (18.5%), back and lower limb (14.3%) ( Table 1) .
Among all the participant subjects in the study population, over one third (n = 118) were infants (<1 year), and male patients (n = 171) accounted for 55.9%. The highest S. aureus infection rate was in the 1 -12 mon group (86.3%), followed by the 6 -12 yr group (80.4%). The latter group had the highest percentage MRSA infections (19.5%). The percentage of infections caused by MRSA and the overall infection rates differed significantly between age groups (p < 0.05). The demographic characteristics are summarized in Table 2 .
Over the two year study period, it was found that the highest S. aureus and MRSA infection rate, which had reached 85.3% and 13.6%, occurred in the summer and the rates in winter were 62.7% and 8.1%. Rates of S. aureus and MRSA were significant different between seasons ( Table 3) .
MRSA strains showed high rates of resistance to erythromycin, clindamycin and chloromycetin. These rates and those of gentamicin, rifampicin and trimethoprim-sulphamethoxazole (TMP-SXT) differed significantly from those of MSSA (Table 4) . No resistance to tetracycline or vancomycin was observed.
DISCUSSION
This study of pediatric outpatient infections was conducted in a rural area of Guangxi Province in Western China, about 150km from the provincial capital, Nanning. Living conditions are not as developed as in the major cities. Elsewhere it has been reported that MRSA colonization is associated with low socioeconomic status, inadequate medical insurance, poor access to healthcare and household crowding [10] . However, this has not been well established for pediatric populations. In this present study, children in poor and remote villages have a higher S. aureus infection rate than those live in town or city. Our results showed that over 80% of infants had S. aureus infection, and about one third of them were newborns. Umbilicus was the most common site of isolation of S. aureus in the <1 year group. Infants with S. aureus infections were predominantly from the villages, where the living conditions were poorer and their families had little knowledge of hygiene and infant care. In addition, breastfeeding had been replaced by formula milk feeding in many infants. This may have a strong affect on their immunity and ability to resist infection. Finally in the more remote areas infants are often born at home without help from nursing or medical staff. In the absence of sterile medical equipments, the umbilicus was often cut using scissors or even a piece of tile which was only washed by hot water, greatly increasing the risk of infection.
There are limited reports of the S. aureus infection rates in pre-school and school-age children with SSTIs.
This study revealed that the infection rate in primary school students (6 -12 yr group) was a little lower to that of infants but that the proportion of these infections caused by MRSA was highest. At this age, children play with their fellow students and pay little attention to hygiene, providing perfect conditions for the spread of pathogen bacteria. Many children from more remote areas have to board at the primary schools, which lack many facilities including running water. Other studies also showed that crowded living conditions, including competitive contact sports and child care attendance may contribute to S. aureus and particularly MRSA infection [11] .
Treatment of uncomplicated SSIs is often by incision and drainage [11] , but this is frequently supported by antibiotic therapy especially if living conditions are poor. As the antibiotic resistance increases and patterns of this resistance become more variable, it is necessary for clinicians to be aware of susceptibility patterns in the region in order to use appropriate therapy.
High rates of resistance to erythromycin in this population preclude the use of macrolide therapy for both MSSA and MRSA. These rates were consistent with most studies [12, 13] . Clindamycin has been shown to be an effective agent in clinical treatment of CA-MRSA in the USA [14] , but it appears that local strains were more resistant with over two thirds of MRSA isolates displaying resistance. Studies from New York, Minnesota and Chicago also reported high frequencies (67% -94%) of clindamycin non-susceptibility which was demonstrated to be inducible resistance [15, 16] . In our study, about 50% of MRSA demonstrated inducible clindamycin resistance. Resistance to clindamycin may vary considerably between regions and may be associated with the em-pirical use of the drug by local physicians. Use of clindamycin to treat inducible strains has been associated with increased risk of treatment failure [15] and it is suggested that clindamycin use is discontinued if the inducible phenotype is identified locally.
In contrast to European studies which have reported high resistance to TMP-SMX in MRSA varying from 53% to 76% [17] , resistance to this agent remained fairly low suggesting that it could be an alternative agent in treating uncomplicated SSTIs caused by MRSA. Other antibiotics, including gentamicin and rifampicin had higher resistance rates than elsewhere [18] . This may be linked with the different antibiotic preferences local physicians as well as dissemination of resistant strains, which might increase selection pressure. In addition, antibiotic agents are quite easily available from pharmacies without a prescription allowing for misuse.
CONCLUSION
With the increased burden of CA-MRSA infection in pediatrics, more attention must be paid to disadvantaged groups. Their specific physical and psychological characteristics and their surroundings may contribute to the spread of CA-MRSA. Functional infection control program should be established to help to reduce incidence of infections. In addition, resistance patterns of CA-MRSA need to be monitored locally to help clinicians choose appropriate empiric antimicrobial agents.
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